INTRODUCTION
In order to prepare for global warming and shortages of fossil fuels, the Korean government has planned to develop an offshore wind zone located at the west-south part of the Korean Peninsula. Figure 1 shows the Korean west-south offshore wind zone. The development schedule consists of three steps, namely the verification, pilot, and expansion phases, as shown in Table 1 . During step 1 (the verification phase), the environmental conditions, seabed characteristics, estimation of the spudcan penetration force, and design of the leg and jacking system for the WTIV (Wind Turbine Installation Vessel) are to be developed.
In this study, the global in-place analysis of the WTIV leg for the Korean west-south offshore wind zone is performed. The environmental conditions and seabed characteristics of the Korean west-south offshore wind zone are first collected and investigated. Then the design specifications are established, and the overall basic design is performed. Based on these environmental conditions and the design specifications, the structural integrity of the WTIV leg is verified through Finite Element Analysis (FEA) and code checks. The conclusions are discussed in the last section.
KOREAN WEST-SOUTH OFFSHORE WIND ZONE
The Korean west-south offshore wind zone, shown in Fig. 1 , is regarded as the most suitable area for the generation of wind energy in Korea. In this section, the environmental conditions and seabed characteristics of the Korean west-south offshore wind zone are investigated.
Environmental Conditions: Direct Measurements
The environmental conditions of the Korean west-south offshore wind zone are investigated based on direct measurements of that area and literature surveys. Figure 2 and Table 2 show the wave measurement points. An automatic wave recorder and an ADCP (Acoustic Doppler Current Profiler) are used in these measurements. Tables 3 and 4 show the statistical results of the wave measurement. This data is especially useful for the fatigue analysis. In Tables 3  and 4 , Tz, Hs, and Dir. mean the zero-up crossing period, significant wave height, and wave direction, respectively. The water depth of the Korean west-south offshore wind zone is also measured, as shown in Figs. 3 and 4. As depicted in Fig. 4 , about 40 m is observed as the maximum water depth.
Environmental Conditions: Literature Surveys
The environmental conditions of the Korean west-south offshore wind zone are also investigated through literature surveys. Tables 5  and 6 show the cumulative probability of occurrence for sea states and design conditions based on a 50-year return period, respectively. Jeong et al. (2012) , are summarized in Table 7 . The design conditions for the wind velocity are determined to be 41 m/sec based on the literature surveys (Lee et al., 2009 ).
Seabed Characteristics
The seabed characteristics of the Korean west-south offshore wind zone are investigated through direct measurements and literature surveys. Figure 5 shows the measurement points for the seabed Table 3 Statistical results of wave measurement (I) Figure 6 shows the seabed characteristics of the measurement points. In the standard penetration test, the N value, shown in Fig. 6 , is the number of hammer strikes required to drive the split spoon sampler into the soil to a certain depth. The N value is generally corrected based on the experimental conditions such as the hammer and sampler efficiency. In Fig. 6 , the measured points NO.1-NO.4, NO.6, OW.3, OW.4, and OW.8 show stable seabed characteristics, whereas there is the possibility of a punch-through at the measured points NO.5, NO.7, NO.8, OW.1, OW.2, OW.5- Fig. 4 Results of water depth OW.7, and OWW.1-OWW.8. Table 8 shows the soil properties at the measured points NO.1 and NO.8 (Korea Electric Power Research Institute, 2011). In Table 8 , , c u , and represent the angle of internal friction for the sand, submerged unit weight, and undrained shear strength, respectively. These data are required to estimate the spudcan penetration force.
Spudcan Penetration Force
In the design of the jack-up or WTIV, the estimation of the spudcan penetration force is an important step. So far, many studies have been performed on the design of the spudcan and the spudcan penetration force (Cho et al., 2012 (Cho et al., , 2013 Merifield et al., 2003 Merifield et al., , 2006 Purwana, 2006; Purwana et al., 2009; Sloan and Kleeman, 1995) . In this study, the spudcan penetration force for the Korean west-south offshore wind zone is estimated based on the SNAME rule (Society of Naval Architects and Marine Engineers, 2002) . The SNAME rule is widely accepted in offshore engineering, and the conservative results are obtained through the SNAME rule. The spudcan penetration force has already been studied by Cho et al. (2013) . Figure 7 shows the spudcan penetration force at the measured points NO.1 and NO.8, respectively (Cho et al., 2013) .
The spudcan is assumed to be a flat, circular, cross-sectional area of 100 m 2 with height of 2 m. At the measured point NO.1, the seabed can resist about 14,000 tons without the punch-through phenomenon occurring. However, at the measured point NO.8, the seabed can resist only 1,500 tons and then the punch-through phenomenon occurs. The estimated spudcan penetration force can be useful and practical data for the design of the spudcan. The environmental conditions and seabed characteristics have been investigated through direct measurements and literature surveys. Based on these data, the design specifications and overall basic design of the WTIV for the Korean west-south offshore wind zone are determined. In the basic design, a four-leg type of WTIV is considered. The total leg length is determined to be 105 m, as shown in Table 9 . The air gap is determined to be 9.0 m based on the environmental conditions. In Fig. 4 , 40 m is observed as Table 9 Total leg length Fig. 8 Composition of total leg length the maximum water depth. However, 55 m of the water depth is selected for the design of the total leg length, with a consideration of some design margin. Figure 8 shows the composition of the total leg length described in Table 9 . Table 10 shows the design specifications of the transit and DP (dynamic positioning), preloading, crane operation, and survival conditions. Among all the conditions, the survival condition is generally the most severe case for the majority of the structures. The maximum wave height and wind velocity are determined to be 13.76 m and 41 m/sec for the survival condition, respectively. Table 10 Design specifications of WTIV *LCG (longitudinal center of gravity), TCG (transverse center of gravity), VCG (vertical center of gravity) **CD (drag coefficient), CM (inertia coefficient) Table 11 Parameters for the strength analysis of WTIV leg
GLOBAL IN-PLACE ANALYSIS OF WTIV LEG FOR KOREAN WEST-SOUTH OFFSHORE WIND ZONE

Preparation of Strength Analysis for WTIV Leg
In order to perform the global in-place analysis of the WTIV leg, all kinds of engineering data, such as the main dimension of the WTIV leg, analysis parameters, material properties, allowable stresses, and loading conditions (static and dynamic components), Table 12 Material property of WTIV leg Table 13 Allowable stress   Table 14 Leg property data Table 11 . The material properties and allowable stresses are summarized in Tables 12 and 13, respectively. In Table 13 , the code checks are calculated based on the ARI RP 2A-WSD 21st criterion for the tubular members such as the brace and the AISC 13th criterion for the nontubular members such as the chord and rack. The leg property data are depicted in Table 14 . Figure 9 shows one bay of the WTIV leg structure.
Strength Analysis
In the strength analysis, the following methodologies are applied:
• All the members in the leg structure are modeled as beam elements. The hull is idealized as a grillage, and equivalent properties of the hull are assigned.
• The members forming the leg-to-hull connection are modeled as axial compressive elements with respective initial gaps between the rack and gear distance.
• The spudcans are modeled as rigid beams connecting the leg chords to the pinned support that is at half the depth of the spudcan penetration.
• The gravity loads, such as the self-weight of the legs, lightship weight, and payload, are applied to the structure. The lightship weight and payload are applied as uniform loads, and global moments are applied to correct the Center of Gravity (CG) of the applied loads.
• The basic environmental loads are applied to the structure in various combinations with the gravity loads.
• The structure is analyzed under the applied loads, with the P-large deflection effect being taken into account. • 7% damping is assumed on the basis of the SNAME T&RB 5-5A guidelines (Society of Naval Architects and Marine Engineers, 2002).
• The structure is also checked for the available factor of safety against overturning on the basis of the DNV-RP-C104 recommended practice (DNV, 2011) .
The flow chart of the global in-place analysis of the WTIV leg is shown in Fig. 11 . During the first step of the calculation, the static results, such as of both the base shear and Overturning Moment (OTM) at the end of the spudcan, are estimated. Then the natural frequency based on the SDOF (Single Degree Of Freedom) model is estimated during the second step of the calculation. The Dynamic Amplification Factor (DAF) is defined by the use of the classical method based on the previous results depending on the wave heading angles. After these procedures, a reanalysis is performed to consider the newly updated inertia loads.
The strength analysis of the WTIV leg is performed with the use of Structural Analysis Computer System (SACS) software and code checks. The SACS model of the WTIV leg for the strength analysis is shown in Fig. 10 . The considered loading conditions in the global in-place analysis of the WTIV leg are shown in Table 15 . Fig. 12 Four cases of loading directions Table 15 Loading conditions in global in-place analysis of the WTIV leg A total of four cases of loading directions are considered, as shown in Fig. 12 . The pinned conditions are applied at the spudcan. For all the considered loading conditions, the results of the unity check for all the members satisfy the allowable value. The maximum combined unity check plot is shown in Fig. 14 . The 0.75 of the maximum value of the unity check is calculated, and it can be said that the structural integrity of the WTIV leg is verified through the code checks. Table 16 and Fig. 13 show the overturning stability calculation and the factor of safety against the overturning, respectively. The 1.97 of the minimum safety factor is calculated, and it is seen that *SMRF: stabilizing moment reduction factor (stabilizing moment = M so -SMRF) 1 Allowable safety factor: 1.05 Table 16 Overturning stability calculation Fig. 13 Factor of safety against overturning 
CONCLUSIONS
The Korean government has planned to develop an offshore wind zone located at the west-south part of the Korean Peninsula. The development schedule consists of three steps, namely the verification, pilot, and expansion phases. In order to develop the Korean westsouth offshore wind zone, the WTIV for this wind zone is required to install the wind turbines within the schedule. Therefore, the basic design of the WTIV and the global in-place analysis of the WTIV leg are important factors for these development steps. In order to perform the global in-place analysis of the WTIV leg, the environmental conditions and seabed characteristics of the Korean west-south offshore wind zone are investigated and collected through both direct measurements and literature surveys. Based on these data, design specifications are established and the overall basic design is performed. The global in-place analysis of the WTIV leg for the Korean west-south offshore wind zone is performed through beam element analysis with code checks. It is seen that the designed WTIV leg has sufficient safety margin against the overturning moment, and the structural integrity of the WTIV leg is verified through code checks. The results of this study can be expected to provide practical and useful data for the development of the Korean west-south offshore wind zone.
